In the rat, exogenous melatonin increases the amplitude of pineal melatonin secretion by a direct action on the circadian clock.
The effect of exogenous melatonin on pineal melatonin synthesis was studied in the rat in vivo. Daily melatonin profiles were measured by transpineal microdialysis over 4 consecutive days in rats maintained on a 12-h light : 12-h dark schedule (LD 12 : 12). Curve-fitting was used to determine the amplitude of the peak of melatonin production, and the times of its onset (IT50) and offset (DT50). A subcutaneous injection of melatonin (1 mg/kg) at the onset of darkness (ZT12) induced an advance of IT50 on the second day after the treatment, in 50% of the animals kept in LD. When the animals were switched to constant darkness, the treatment caused no detectable advance of IT50, while 70% of individuals showed a significant delay in DT50 2 days after the injection. Locally infusing the drug by reverse microdialysis into the suprachiasmatic nuclei (SCN) failed to enhance the shift in melatonin onset. Following subcutaneous melatonin injection, a significant increase ( approximately 100%) in melatonin peak amplitude was observed. This increase persisted over 2 days and occurred only when the melatonin was applied at ZT12, but not at ZT6, 17 or 22. The effect was also observed when the drug was infused directly into the SCN, but not into the pineal. Thus, the SCN are the target site for the effect of exogenous melatonin on the amplitude of the endogenous melatonin rhythm, with a similar window of sensitivity as its phase-shifting effect on the pacemaker.